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SPECIFICATIONS 



1. Title of the Invention: High Voltage Resistant MOS Transistor 

2. Scope of the Patent's Claims: 

1 . A high voltage resistant MOS transistor, characterized by the fact that it is equipped with 
a source and drain region of the second conductive type, formed in the shape of a comb and 
mutually separated from a semiconductor substrate of the first conductive type, 

a low impurity concentration region of the second conductive type formed on the side of 
said drain region, 

as well as a channel region, formed between said low impurity concentration region and 
said source region, 

wherein the channel length of a curved part of the channel region, formed in the front end 
part of said source region, is longer than said curved part of the drain region. 

3. Detailed Explanation of the Invention 

This invention relates to a MOS transistor construction with a drain which is highly 
resistant to voltage. 

Because MOS transistors have generally a much higher switching speed when compared 
to bipolar transistors, they are used mainly as power elements and high-frequency elements 
having a positive coefficient of input characteristics. 

Figure 1 shows a profile view of a common MOS transistor. As shown in Figure 1,(1) 
indicates a P type silicon substrate, (2) and (3) are N + type source and drain regions, respectively, 
(4) is a gate oxide film, and numbers (5), (6), and (7) indicate a source electrode, a drain 
electrode, and a gate electrode. In addition, the part shown in Figure 1 by the broken line 
indicates an equipotential line when a drain voltage is applied. Although the drain voltage is 
limited by the junction withstand voltage of drain region (3) and substrate (1), one can clearly see 
from the equipotential line that in reality, the voltage is determined depending on the 
concentration of the electric current in the vicinity of the surface of drain region (3), which 
depends on the combined influence of gate electrode (7) and drain region (3). When gate oxide 
film (4) is approximately 1,000 A thick, the drain voltage resistance will reach only about 50 V. 

Figure 2 is a profile view showing the construction of a MOS transistor characterized by 
an improved drain voltage resistance. Number (8) is a P type silicon substrate, numbers (9) and 
(10) indicate an N + type source and drain region, respectively, (1 1), (12), and (13) are a source 
electrode, a drain electrode, and a gate electrode, respectively, and an N" type low impurity 



concentration region (15) is created in the direction from drain region (10) to channel region (14). 
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Depending on the formation of this low impurity concentration region (15), the 
equipotential line can be extended in the direction of channel region (14) as shown by the broken 
line, which makes it possible to increase the drain resistance voltage from 300 V to 400 V by 
preventing electric current concentration in the vicinity of the surface of drain region (1 0). This 
low impurity concentration region (15) is commonly called a drift channel. 

On the other hand, although it is possible to increase the gate width W and to shorten the 
gate length L based on gm 8 W/L in order to obtain a high reciprocal conductance gm (W is the 
gate width and L is the gate length), since the length of the gate cannot be too short, normally, it 
is formed in the range of 2 ~ 7 |i. Therefore, it is known that a comb shaped construction can be 
used for the source and drain region in order to increase the width of the gate. Figure 3 shows a 
partial surface view of such a MOS transistor. As shown in Figure 3, (16) indicates a Ptype 
silicon substrate, (17) and (18) are an N + conductive type source region and drain region, 
respectively, (1 9) is an N" conductive type low impurity concentration region and (20) is a 
channel region. Source region (17) and drain region (18) are combined so as to form together a 
comb shape. Accordingly, it is possible to increase the gate width because channel region 20 is 
formed in a zigzag shape. 

However, since the lines of electric force are concentrated as shown by the channel marks 
in the direction toward the front end part of channel area (20) of protruding area (17) from the 
vicinity of the base of the comb shape of drain area (18), it is not possible to improve the status 
of the breakdown electric current and breakdown voltage which is caused by a breakdown yield 
status in the boundary between the low impurity concentration area (19) and the curved part of 
channel area (20). As shown in Figure 5 which is a graph indicating the yield breakdown, at the 
point when the drain breakdown voltage V DSS is applied, a yield breakdown will be generated by 
electric current in the point indicated by point a, and at this time, the electric current will be 
characterized by a breakdown current I BR(P) . In the construction which is shown in Figure 3, the 
breakdown voltage V DSS is approximately in the range of 300 V - 400 V and the breakdown 
current I BR(P) is approximately in the range of 1 - 3 mA. 

In view of the above described problems, this invention provides a highly voltage 
resistant MOS transistor which eliminates the above described disadvantages. The following is a 
detailed explanation of this invention which is based on the enclosed figures. 

Figure 4 shows a partial top view of one embodiment of this invention. In this figure, (21) 
indicates a P type silicon substrate, (22) and (23) are an N + conductive type source and drain 
region, respectively, (24) is an N" conductive type low impurity concentration region, and (25) is 
a channel region. 

Layer resistance Rs in the range of approximately 10 ~ 20 Q is used in P type silicon 



substrate 21. Low impurity concentration region (24), which can be formed by epitaxial growth 
or ion implantation, etc., forms a layer having resistance Rs = 8 Q cm, with a depth of about 20 
|i. On the other hand, source region (22) and drain region (23) are formed by diffusion so that 
they both create a combined comb shape. Channel region (25) between them is formed with an 
implanted impurity of the P type created by ion implantation, making it possible to control a 
specific channel concentration. The channel length of channel region (25) is 3 and the channel 
is formed with a width of 120 nm. 

In addition, the front end part of source region (22) is formed with a sufficiently larger 
corresponding curve R' of channel region (25) than the curve of the curved part in the base of 
drain region (23), and length 1' of the low impurity concentration region (24) from drain region 
(23) to channel region (25) is longer than length 1. Due to this formation, the electric force lines 
will be created longer from the base of drain region (23) toward the curved part of channel region 
(25), and the electric field will be weakened in this part, which prevents concentration of electric 
current. 

Figure 6 is a graph showing the results of a case when the lengths R' = 10 ji, 20 \i are 
used. When R' = 10 (i, the breakdown voltage V DSS will be about 430 V, and the breakdown 
current I BR(P) will be 8 mA ~ 20 mA. When R' = 20 \i 9 the breakdown voltage V DSS will be about 
450 V and the breakdown current I B r(p) will be about 15 mA ~ 30 mA. Accordingly, as one can 
see clearly from the results shown in Figure 6, breakdown voltage V DSS can be increased above 
400 V and a high voltage resistance design can be achieved while the breakdown current I BR(P) at 
can be also greatly improved at the same time. 

As was explained above, when a sufficiently greater curve ratio of the curved part 
corresponding to the drain region is used with a corresponding curve ratio of the channel region 
formed in the front end part of the source region in this invention, the breakdown voltage and the 
breakdown current can be greatly improved because this makes it possible to prevent 
concentration of electric current in the boundary between the curved channel region and the low 
impurity concentration region. . 

4. Brief Explanation of Figures 

Figure 1 shows a partial profile view of an example of prior art, Figure 2 shows a partial 
profile view of an improved example of prior art, Figure 3 shows a top view of a MOS transistor 
according to prior art, Figure 4 shows a top view indicating an embodiment of this invention, 
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Figure 5 is a graph explaining the relationship between breakdown voltage V DDS and breakdown 
current I BR(P)5 and Figure 6 is a graph indicating the results of a test of the embodiment shown in 
Figure 4. 



5 



(21) ... P-type silicon substrate, (22) ... source region, (23) ... drain region, (24) ... low impurity 
concentration region, (25) ... channel region. 
Patent Applicant: Sanyo Electric Co., Ltd., 1 other name 
Representative: 
Takao Sano, patent 
attorney. 



(Figure 1,2,3, 4, 5, 
and 6) 
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